INTRODUCTION
Successful endodontic treatment depends largely on the removal of microorganisms from the root canal system, which is mainly carried out with biomechanical treatment of the root canal. Studies have shown that the complete removal of microorganisms and their toxins is almost impossible. More than 35% of the root surface remains untreated after the use of mechanical instrumentation [1] . Bacteria can penetrate approximately half the distance between the wall of the root canal and the cement-dentine border. This necessitates the use of additional agents to remove the smear layer and affect the microorganisms in the dentinal tubules [1, 2] . In recent years, researchers have been focusing on high-energy diode lasers with a wavelength of 810 nm to 1064 nm as an additional method of action in endodontic treatment. The diode lasers have good technical characteristics -they radiate over a wide range of electromagnetic spectrum, have the ability to combine different resonance frequencies and wavelengths, as well as ergonomic, durable and affordable [3, 4, 5, 6] .
In endodontics, the diode laser is applied to the root canal after its preconditioning, which ensures the unobstructed fiber movement. Despite the optimization of the laser tips, there are some limitations related to their intracanal use. The emission of the laser radiation is directed vertically along the length of the optical fiber and it is almost impossible to obtain uniform coverage of the root surface. In addition, the depth of laser light propagation is important, since the light can pass beyond the apical opening and affect the periapical tissues. Thermal damage to the root and surrounding tissues is possible [7, 8] .
To improve the direction of laser light distribution in the root canal, laser tips with lateral radiation have been developed. Conical end may be designed on the basis of glass (quartz), including those doped with fluoride, germanium or gallium, using a pipe etching process to obtain increased lateral emissions. Such tips deliver more laser energy to the walls of the root canal than to the apical part of the tooth. The tapered tips turn out to be better than the conventional tips for removing thick debris layers [9] .
The application of laser systems to narrow and curved root canals is difficult [10] . The development of very thin and flexible optical fibers allows easier application of lasers in the root canal [11] .
The aim of our in vitro study is to identify and clas-https://doi.org/10.5272/jimab.2019254.2723 sify with scanning electron microscopy (SEM) the morphological changes in the root canal dentin that occur after exposure to diode laser irradiation using two types of optical fibers.
MATERIAL AND METHODS

Preparation of extracted teeth
The selected teeth were examined with diagnostic X-Ray and then autoclaved. The coronal parts of teeth were removed with diamond bur to a standard tooth length of 15 mm.
The root canals were cleaned and prepared with ProTaper Gold to F3 ( fig. 1 ). The final irrigation was made with 5.25% sodium hypochlorite and 17% EDTA. The root canals were then treated with a diode laser having a wavelength of 810 nm and using an optical fiber with a 400 ìm diameter.
The optical fiber was inserted into the root canal to a depth of 13 mm (2 mm shorter than the entire length of the root canal) and then the laser treatment was performed for 8 s with helicoidal withdrawing motion from the apical to the coronal part of the tooth.
After mechanical and chemical treatment of the root canals, the teeth were divided into three groups: two groups were then laser treated with two different type of light conductor (optical fiber), and the third group was a control. As a light source, a DenLase 810 nm diode laser was used in the two experimental groups ( fig. 2 ).
First group (quartz light conductor) -18 teeth. Maximum allowable power -1 W.
Second group (organic modified quartz optical fiber) -18 teeth. Maximum allowable power 1 W.
Control group -12 teeth, mechanical and chemical treatment with ProTaper Gold, without treatment with laser.
After mechanical and chemical shaping, the root canals were finally irrigated with 5 ml of 5.25% NaOCl, 5 ml of distilled water and 2 ml of 17% EDTA and then dried with paper points.
After exposure to a DenLase 810 nm diode laser, the teeth were cut in the vestibular-lingual direction for observation with a scanning electron microscope (SEM) ( fig. 3 ).
Fig. 3. ZEISS EVO LS25 scanning electron microscope
Prepared teeth were mounted on SEM holders ( fig. 4 ) using a conductive glue, then coated with gold using Edwards Sputter Coater S150B ( fig.4 ). Micromorphology of intracanal dentin was examined on a ZEISS EVO LS25 scanning electron microscope in secondary electron mode at an acceleration voltage of 18 kV and magnifications between x54 and x6000.
Fig. 4. SEM holders with mounted prepared teeth
In the middle of the root canal there is much more intense impact of laser radiation -the melted material is much thicker and completely covers and masks the dentinal tubules. The molten material does not form a homogeneous layer and contains obvious signs of recrystallizationgrained character, angular forms of individual grains and grouping them into grain aggregates ( fig. 6 ). The inner root surfaces were examine in the SEM for the presence and extent of removal of the pollutant layer, as well as for the presence and extent of opening of the dentinal tubules.
RESULTS
SEM investigation of the root canal dentin was performed in the coronal, middle and apical parts of the root. The results are illustrated in fig. 5 -14. Figure 5 shows that as a result of laser treatment, the material of the root canal is partially melted, forming a thin film covering the entire surface with dentin tubules. The film is very thin and bursts cracks right above the tubules, which are outlined as shining areas. The burst crack formation is secondary and occurs inside the SEM chamber at a very high vacuum (~ 10 -7 mbar), as the film seals air that emits in high vacuum. The morphology of cracks well follows the tubule cross sections -they are nowhere near perfect round ( fig.5 ). The apical part of the root canal is a molten dentin surface with full occlusion sealing of the dentinal tubules. The molten material unevenly covers the surface of the root canal. It is thick with signs of both recrystallization (angular rains forming aggregates) and preservation of glass-like solidified molten material (rounded shapes) ( fig. 7) . Partially closed dentin tubules are non-uniformly coated with gel-like material. The latter material very tightly seals the tubules ( fig. 8 and fig.9 ). It is assumed that the reduction of the visible dentine tubules is due to the partial melting of the material ( fig.  10 and fig. 11 ). Uneven melting of the dentine and separation of the glass part are observed.
In the control group, without laser treatment, SEM reveals open dentinal tubules and sporadic residues after mechanical treatments of root canal -fragments (debris) to 40-50ìm in size and containing Ca and P. Gel-like layers are also observed as a by-product of washing dentine with a solution.
This material (darker areas in fig. 12 ) covers a part of the dentine tubules. The glowing areas in Fig. 13 correspond to dentinal tubules containing particles loosely attached within the tubules.
In the middle part of the root canal there is a partial crystallization / filling of the dentinal tubules with a material -product of interaction of the washing solution with the dentin. The observed glowing in secondary electrons image of a part of the channels is associated with incomplete contact or adhesion of these crystals / particles with the main dentine matrix ( fig. 13 ). Other authors also investigate this problem accenting on the presence of melting and carbonization of the root canal dentin [12, 15] .
According to the present SEM investigation, melting and fusion distinctly occurs in the apical regions. In the middle areas, only a partial sealing of the tubules was observed, probably because there was less fiber contact with dentin walls, as the canal was wider than the apical area where the laser energy was more concentrated. This observation is also made by Ribeiro et al. [16] , which investigate the morphological changes in the root dentin after applying a 810 nm diode laser with three different powers. At the power relatively equal to that used by us -1.25 W, the results are similar.
The relationship between the size of the optical fiber and its contact with the root surface and the degree of melting and recrystallization of the canal dentin was also found using the Er: YAG laser and Er; Cr: YSGG laser [17, 18] .
Morphological changes were observed in the apical part of the root after intracanal irradiation with a high energy diode laser, consisted in the presence of well-cleaned dentin surfaces of the root canal with sealed dentinal tubules at localized sections showing melting and recrystallization [12, 13] .
Light conductor movement in the root canal is important for contact with the root walls, and the thermal and morphological effects of the laser action depend on it.
The organically modified light conductor used by us is more flexible than conventional quartz light conductor and its contact with dentine walls is reduced.
This explains the smaller morphological changes in the root canal dentin in the second teeth group. El-Zohairy A. et al. emphasize the mandatory condition for the laser application -the circular motion of the optical fiber from the apex to the coronary part and vice versa, thus reducing and avoiding the melting of the dentine and the transfer of the thermal effect on the periodontal tissues [19] .
In general, infrared wavelengths, such as 980 nm and 1064 nm, can cause fusion and recrystallization on the dentin surface, resulting in dentinal tubular closure [13, 20] .
In conclusion, it can be said that the literature mainly deals with the antibacterial effect, the sealing of the dentinal tubules and the increase of the temperature on the root surface. Different in vitro and in vivo studies confirm to varying degrees the antibacterial effect of the diode laser depending on the microorganisms considered by the study. All available studies with an electron microscope confirm the effect of "sealing the dentinal tubules". The effect of high energy diode lasers in endodontics continues to be investigated because of the controversial data on morphological changes and the thermal effect on dentin under different application conditions.
CONCLUSIONS
After exposure to an 810 nm diode laser, sealing of dentinal tubules is observed in SEM images, more pronounced using the quartz light conductor. The organically modified light conductor used by us is more flexible than standard quartz light conductor is, and its contact with dentine walls is reduced, resulting in fewer morphological changes in the root canal dentin as observed in SEM.
In the apical part of the root canal there is an uneven distribution of the dentinal canals by size, amount and density. Their size ranges from 0.5ìm to 8ìm. Large canals result from the merging of several smaller canals and are most likely the result of the action of the wash solution effect ( fig.  14) . 
DISCUSSION
Laser irradiation with the appropriate parameters vaporizes the smear layer and the organic structure of the dentin (collagen fibers), which is characterized by superficial fusion of the dentinal tubules.
Jhingan et al. examined on scanning electron microscope the dentin on the root surface after exposure to a diode laser at 980 nm and found partial or nearly complete occlusion of the dentinal tubules and melting the intertubular dentin, making the dentin surface smooth with a wellremoved smear layer. This reduces dentin permeability [12] . Similar results have been reported by other authors who observed melting and recrystallization of limited areas of the root canal dentin [6, 13, 14] .
